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BASIC-ABSTRACT: (A method of bu^-t-- welding tubular 



thermoplastic objects such as 

pipes (12) involves a special geometry on the butt end 
(20) . End face (20) is 

machined in the form of annular outer. (22) and inner (24) 
coaxial portions 

united by a conical face (26) . Inner portion (24) is 
recessed from outer 

portion (22) by a distance (D) . The radial width of the 
recessed portion (tl) 

is a specified portion of pipe wall thickness (T) . End 
faces (22, 24) are 

substantially perpendicular to the axis of pipe (12) . Two 
pipes with like butt 

end geometries are joined by known thermal fusion butt 
welding means. 

ADVANTAGE - The butt end geometry results in a weld that is 

substantially free 

of any bead at the pipe bore . 
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ABSTRACTED -PUB -NO: EP 312 712A 

BASIC -ABSTRACT: The ends of thermoplastic tubular 
components are welded 

together by heating them until they fuse and then pressing 
them together. They 

are heated by irradiation whereby the temp, produced drops 
down across from the 

0. d. to the i.d.; when they are joined together in a 
controlled manner there 

is little or no deformation produced on the i.d., the weld 
is efficiently made, 

and an optimal weld bead is formed on the o.d. 

ADVANTAGE - The method largely eliminates the formation of 
a weld bead on the 

1. d. 

ABSTRACTED -PUB-NO: EP 312 712B 

EQUIVALENT -ABSTRACTS : The ends of thermoplastic tubular 
components are welded 

together by heating them until they fuse. and then pressing 
them together. They 

are heated by irradiation whereby the temp, produced drops 



down across from the 

0. d. to the i.d.; when they are joined together in a 
controlled manner there 

is little or no deformation produced on the i.d., the weld 
is efficiently made, 

and an optimal weld bead is formed on the o.d. 

ADVANTAGE - The method largely eliminates the formation of 
a weld bead on the 

1. d. 
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ABSTRACTED-PUB-NO: WO 8806966A 

BASIC -ABSTRACT: Plastic tubes, and particularly those of 
polyvinyl idene 

fluoride, polypropylene or poly-ethylene, are bonded 
together by aligning 

together the ends of approx. equal dia. tubes, bringing 
them together, and 

welding them. The abutting faces concerned are undercut or 
attenuated on their 

i.d. so that their inner and outer edges are not in line; 
these faces are 

heat-softened to equal depth axially before being joined 
and welded together. 

ADVANTAGE - The method and its equipment used virtually 
eliminates the 

formation of a weld bead on the i.d. of the joined tubes. 
ABSTRACTED-PUB-NO: EP 305462B 

EQUIVALENT -ABSTRACTS : Device for joining tubular parts 
(10,11) made from 

plastic, especially polyvinyl idene fluoride, polypropylene 
or polyethylene, 

said parts (10,11) exhibit about the same diameter, with a 
heeating element 

(20) for softening of the area of chamfered abutting 
surface (12,13) at least 

of one tubular part, characterised in that the contact 



surface of heating 

element (20) on abutting surface (12,13) of tubular part 
(10,11) is designed to 

correspond to undercut or recessed abutting surface 
(12,13). (8pp) 

US 5188697A 

A device for joining tubular parts is made from plastics 
material. The device 

comprises a heating element for contacting and softening 
the end surfaces of 

parts to be joined. This element has a contact surface for 
contacting the 

tubes and corresp. to an undercut or recessed end surface 
to minimise the 

extent to which a bead of material is formed between the 
tubular parts after 

joining extends inward beyond their inner walls. A 
circular or disk-shaped lug 

is on the heating element and has a heating ring and an 
alignment disk both 

made from metal to locate a heat-resistant plastics ring 
between them as 

contact surface. ADVANTAGE - Welding beads are reduced. 
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BAS I C -ABSTRACT : Hollow plastic profiles are fabricated into 
frame structures, 

e.g. for doors and windows, by butt welding at the mitres. 
An allowance must 

be made for the upsetting length when the sections are cut 
before the 

application of heat and pressure to perform the butt joint. 

All walls of the profiles which are visible when the frame 
has been installed 

are provided with a stepped recess along the proposed 
joint. The dimensions of 

the recesses are designed to compensate for the volume, 
displaced by the 

upsetting operation. The pref. method of producing the 
recesses is milling in 

one machining operation with the cutting operation. 
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(57) In the welding method of tubular members 
made of a thermoplastic synthetic resin, end 
faces to be welded, of a pair of tubular members 
are melted by heat of a heater, and the end 
faces are urged against each other to be wel- 
ded. Prior to the melting of the end faces, each 
of the end faces is processed to a shape com- 
prising a flat, annular, outer portion and a flat, 
annular, inner portion. The inner portion and 
outer portion both are perpendicular to the 
center axis of the tubular member, and the 
outer portion is set outside the inner portion 
along the center axis. Such a welding method 
can minimize the bead formed on the inner, 
circumferential surface and can achieve a high. 
weld"streTfgth. 
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Th pres nt inv ntion r lates to a butt welding 
method or butt f usi n m thod, more particularly, a 
method for conn cting a pair of tubular members 
made of a thermoplastic r sin by heating nd faces 
thereof and then pressing them together. 5 

Tubular members made of a variety of synthetic 
resins are conventionally used in various applica- 
tions. For example, tubular members formed of a gen- 
eral-purpose thermoplastic resin such as polyvinyl 
chloride, polypropylene, etc. are popularly used as 10 
distributing water pipes in houses or plants, etc., 
pipes for chemicals, etc. Further, tubular members 
made of a thermoplastic resin excellent in heat resis- 
tance and solvent resistance such as polyether ether 
ketone or poiyphenylene sulfide, etc. are used as 15 
pipes for ultrapure water, in fabrication of electronic 
devices such as LSI, etc. 

In actual piping using such tubular members of 
thermoplastic synthetic resins, it becomes necessary 
to connect a tubular member to another or to connect 20 
a tubular member to a tubular end of an instrument. 
One of the known connection methods between tub- 
ular members is a butt welding method or butt fusion 
method in which a heater heats to melt end faces of 
two tubular members to each other and thereafter the is 
melted end faces are urged against each other to be 
connected thereby. This welding method can be clas- 
sified into a contact type welding method in which end 
faces to be welded are melted in direct contact with 
the heater, and a non-contact type welding method in 30 
which end faces to be welded are melted not in con- 
tact with the heater with a gap between the heater and 
the end faces. 

In the welding methods described above, the 
molten resin is pushed out radially inwardly and out- 35 
wardly by the pressure upon welding, so that a pro- 
jection called generally a "bead" is possibly formed on 
an inner circumferential surface or on an outer cir- 
cumferential surface of the weld portion between the 
tubular members. 40 

A bead formed on an inner circumferential sur- 
face of tube would cause a pressure loss of fluid flow- 
ing therein. Also, because a flow of fluid stagnates or 
is disturbed near the bead, microorganisms or fine 
particles could stay there. It is needless to mention 45 
that a pipe having a bead where microorganisms etc. 
could stay is not suitable particularly for use as a pipe 
for ultrapure water. 

There is a method conventionally suggested, for 
example as disclosed in Japanese Laid-open Patent so 
Application No. 64-71 731^ in which an expandable 
core is set inside the weld portion between the tubular 
members so as to fit on the inner circumferential sur- 
face thereof. This m thod, how ver, is not practically 
used Jn the _w eldin g_method of the n n-contact_typ 55 
b caus holding of the core is difficult. 

Further, Japanes Laid-open Patent Applications 
No. 1 -1 1 01 28 and No. 2-1 06325 descri b am thod in 



which inner edges of end feces to b welded are ta- 
pered so that when th nd faces of tubular memb rs 
ar made to abut each other, cross sections thereof 
mak a space of isosceles triangl , a so-called V-sha- 
pegr ov or bevel. When a pair of tubular members 
are pressed against each other to be joined, in the 
case of such a V-shape groove, the pressing force 
pushes out a molten resin in the weld portion, where- 
by the molten resin advances radially inward along 
the taper faces of the tubular members forming the 
groove so as to fill the groove. Accordingly, properly 
setting the size of the groove, the bead would be 
enough to fill the groove but not too much. Thus, an 
amount of projection from the inner surface of tube 
becomes smaller than in the case of no groove. 

It is, however, difficult to form a groove of proper 
size. In actual use, when the welding is performed in 
such a manner that the molten resin or bead fully fills 
the groove, a relatively large bead projects from the 
inner circumferential surface of the pipe in spite of the 
formation of a groove. On the other hand, if the tub- 
ular members are pressed under a low pressure so as 
to reduce the projection amount of bead, the groove 
cannot be filled with the molten resin, resulting in 
forming a recess in the inner circumferential surface 
of pipe. Such a recess would become a place where 
microorganisms etc. stay. Also, this recess causes a 
notch effect Specifically, when a stress is imposed 
on the pipe, the stress is concentrated on this recess 
so as to lower the mechanical strength of pipe, mak- 
ing the pipe undurable for practical use. 

It is, therefore, an object of the invention to pro- 
vide a welding method by which a size-limited bead 
is formed and a high weld strength can be attained. 

To achieve the above object, the present inven- 
tion is characterized by a welding method for tubular 
members in which end faces to be welded, of a pair 
of tubular members made of a thermoplastic resin are 
melted by heat of a heater, comprising a step of, prior 
to the melting of the end faces of the tubular mem- 
bers, processing each of the end faces into a shape 
comprising a flat, annular, inner portion which is nor- 
mal to a center axis of the corresponding tubular 
member, and a flat, annular, outer portion arranged 
coaxially outside the inner portion, located at a posi- 
tion outside the inner portion along the center axis, 
and being normal to the center axis. 

It should be noted that in the present invention the 
tubular members include tube connectors, profiles 
and nozzles, etc., and tubular portions of meters or 
devices such as valves as well as the pipes and 
tubes. 

According to the welding method of the present 
invention as describ dabov , th re is almost n bead 
projecting from the inner circumf rential surface of 
the weld porti n of th pair of tubular m mb rs, and 
ev n if a bead is f rmed its size is very small. 

The pr sent inv ntion will become more fully un- 
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d rsto d from the detailed description giv n h rein- 
b low and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not to b 
considered as limiting the pres nt invention. 

Further scope of applicability of the present in- 5 
vention will become apparent from the detailed de- 
scription given hereinafter. However, it should be un- 
derstood that the detailed description and specific ex- 
amples, while indicating preferred embodiments of 
the invention, are given by way of illustration only, 10 
since various changes and modifications within the 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 
In the drawings: 

Fig. 1 is a schematic, explanatory drawing to is 
show a non-contact-type welding apparatus 
which is applicable to the welding method accord- 
ing to the present invention; 
Fig. 2 is a cross-sectional, partial drawing to 
show an enlarged shape of an end face of a tub- 20 
ular member processed according to an embodi- 
ment of the present invention; 
Fig. 3 is a cross-sectional, partial drawing to 
show an enlarged shape of an end face of a tub- 
ular member processed according to a second 25 
embodiment of the present invention; 
Fig. 4 is a cross-sectional, partial drawing to 
show an enlarged shape of an end face of a tub- 
ular member processed according to a third em- 
bodiment of the present invention; and 30 
Fig. 5 is a cross-sectional part to show an en- 
larged shape of an end face of a tubular member 
processed for comparison with the present inven- 
tion. 

The preferred embodiments of the present inven- 35 
tion will be described in detail with reference to the ac- 
companying drawings. 

The welding method of tubular members accord- 
ing to the following embodiments is of the so-called 
non-contact type, and the tubular members applied 40 
are formed by extrusion molding of a thermoplastic 
synthetic resins, for example, fluororesins such as 
perfluoroafkoxy resins polyether ether ketone, and 
polyphenelene sulfide 

Fig. 1 shows a welding apparatus 10 applicable 45 
to the non-contact-type welding method according to 
the present invention. This welding apparatus 10 is 
well known, and is provided with clamps 14a, 14b for 
holding a pair of tubular members 12a, 12b, respec- 
tively, on a same axis. One clamp 14a is set on a base so 
16 of welding apparatus 10 so as to be movable to- 
ward or away from the other clamp 14b. A heater 18 
for heating to melt opposed end faces 20a, 20b of the 
tubular members 12a, 12b is set between the clamps 
14a, 14b, being arranged as capable of receding from 55 
a movem nt path of the tubular memb r 12a. Th 
h at r18ispref rably one consisting of a brass heat- 
ing plate 19 and a rod heater (not shown) provided in 



the h ating plat 19, but ther is no sp cific restric- 
tion on the material for th heating plat 19. F r x- 
ample, the material for the heating plate 19 may be a 
metal sel cted from aluminum, brass, iron and cop- 
per. The heating plate 19 may be subjected to a sur- 
face treatment such as coating or surface finishing, 
if necessary. Also, instead of the rod heater, the hea- 
ter may be a nichrome wire etc. cast in the heating 
plate 19. 

For welding the pair of tubular members 12a, 12b 
of a same shape using such a welding apparatus 1 0, 
the tubular members 12a, 12b are first held by the 
corresponding clamps 14a, 14b. By this, the tubular 
members 12a, 12b are set on a same axis, and the 
end faces 20a, 20b to be welded are set as opposed 
to each other with a predetermined distance between 
the end faces. Next, the heater 18 is disposed be- 
tween the end faces 20a, 20b of tubular members 
12a, 12b, and a current is supplied to the rod heater 
in the heater 18. After heating for a predetermined 
time, the heater 18 is moved to a receding position 
and one movable clamp 14a is moved toward the 
other clamp 14b. Then, the end faces 20a, 20b are 
urged against each other under a predetermined 
pressure for a predetermined time, thereby joining the 
tubular members 12a, 12b. 

The above is the method which has been per- 
formed heretofore. Thus, if the end faces 20a, 20b of 
tubular members 12a, 12b are not processed at all, 
targe beads are formed on the inner circumferential 
surface and on the outer circumferential surface of 
the tube. In the welding method according to the pres- 
ent invention, the end faces 20a, 20b of tubular mem- 
bers 12a, 12b are processed prior to the above weld- 
ing step in order to remove or minimize the bead on 
the inner circumferential surface of the tube. 

Fig. 2 is a cross-sectional view to show an en- 
larged shape of an end face to be welded, of one tub- 
ular member. Here, the other tubular member is also 
subjected to the same processing, but for simplicity 
the description concerns only one tubular member. 
As shown in Fig. 2, the end face 20 of tubular member 
12 is stepped and is composed of an annular outer 
portion 22 and an annular inner portion 24 arranged 
coaxially and radially inside the outer portion 22. Each 
of the outer portion 22 and inner portion 24 is substan- 
tially a flat surface, which makes right angles with the 
center axis of tubular member 1 2. Also, the outer por- 
tion 22 projects outwardly from the inner portion 24 
along the center axis with a predetermined distance 
between them. Further, a boundary surface 26 
formed between an inner circumferential edge of the 
outer portion 22 and an outer circumferential edge of 
the inn r portion 24 is a cylindrical surface or a con- 
ical surface. This end face shape may be formed on 
th fac 20 of tubular memb r 12 from the beginning 
of molding, or may b formed in situ of welding by an 
appropriat cutting or grinding apparatus. 
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Now, letting T be a wall thickness f the tubular 
m mber 12, more specifically a wall thickn ss of an 
nd portion adjacent t th nd face 20 to be weld d, 
t,b a distance along the radial direct i n from the in- 
ner circumferential edge of th out r portion 22 to the 5 
inner circumferential surface of the tubular member 
12, D be a distance along the direction of the axis be- 
tween the outer portion 22 and the inner portion 24, 
and 8i be an angle between the face formed by the 
outer portion 22 and the generatrix or generant of the 10 
boundary surface 26, various experiments showed 
that the following conditions were preferably satisfied 
by the respective factors. 

First, ti is normally set in the range of 0.1T ^ t, £ 
0.8T, preferably in the range of 0.1 5T ^ t t ^ 7T, more 1 s 
preferably in the range of 0.2T ^ ^ ^ 0.6T. If t, is small- 
er than 0.1T, or if it is larger than 0.8T, it is substan- 
tially the same as the non-processed end face 20. If 
welding is performed by the welding apparatus 10 un- 
der such a condition, i.e. ^ < O.ITorti > 0.8T, a large 20 
bead is formed on the inner circumferential surface of 
the tube. 

The distance D is independent of the thickness T 
insofar as the welding conditions are not greatly af- 
fected by a change of thickness T of tubular member 25 
12 to be welded. The distance D is normally set in the 
range of 0.1 mm 1.5 mm, preferably in the range 
of 0.2 mm ^ D ^ 1.25 mm, more preferably in the 
range of 0.3 mm ^ D ^ 1.0 mm. If D is smaller than 
0.1 mm, there is no substantial difference from the 30 
non-processed end face 20, forming a large bead on 
the inner circumference of tube. On the other hand, 
if D is greater than 1.5 mm, the difference becomes 
unignorably large between the distance from the hea- 
ter 18 to the outer portion 22 of end face 20 and the 35 
distance from the heater 18 to the inner portion 24 of 
end face 20, whereby melting behavior greatly differs 
between the outer portion 22 and the inner portion 24, 
thus failing to obtain a desired strength after welding. 

Also, 0! is normally set in the range of 45° s s ao 
90°, preferably in the range of 45° ^ ^ £ 85°. If ^ is 
smaller than 45°, an area of the inner portion 24 de- 
creases so as to form a large bead on the inner cir- 
cumference of tube. If 0i is greater than 90°, an angle 
between the generatrix of the boundary surface 26 45 
and the outer portion 22 becomes acute, so that the 
inner circumferential edge of the outer portion 22 
comes to be located radially inward of the outer cir- 
cumferential edge of the inner portion 24. Then, there 
would be cases where when the inner circumferential so 
edge of the outer portion 22 is crushed upon welding, 
the boundary surface 26 covers the outer circumfer- 
ential edge of the inner portion 24 so as to enclose air 
bubbles therein. Such bubbles n gatively affect the 
weld strength. 55 

After th end faces of the tubular m mbers 12a, 
12b to b weld dar processed or mach in d so as to 
satisfy the abov conditions, the tubular memb rs 



12a, 12b are w Ided using the welding apparatus 10 
as describ d above, rarely f rming a b ad on the in- 
ner circumfer ntial surface in th weldporti n f tub- 
ular members 12a, 12b. Even if a b ad is formed, th 
amou nt of projection thereof is very small. In the weld- 
ing method of this embodiment, the inner portions 24 
of end faces 20a, 20b which are in parallel with each 
other come to contact together, thus forming no re- 
cess on the inner circumferential surface in the weld 
portion, either. 

The shape of the inner portion 24 of end face 20 
is a flat surface in the above embodiment, but, as 
shown in Fig. 3, the inner circumferential edge of the 
inner portion 24 may be chamfered in a taper shape. 
Here, let t 2 be a distance along the radial direction 
from a border line between this taper face 28 and the 
other part (main part) of the inner portion 24 to the in- 
ner circumference of the tubular member 12, and 9 2 
be an angle between a face formed by the other part 
of the inner portion 24 and the generatrix of the taper 
face 28. This distance t 2 is dependent on the distance 
ti as described above, and is set normally in the range 
of 0.05t! ^ t 2 ^ 0.5t 1( preferably in the range of 0.1 t, 
^ t 2 ^ 0.4ti. Further, 0 2 is set normally in the range of 
10° ^ 8 2 ^ 75°, preferably in the range of 20° ^ 9 2 ^ 
60°, more preferably in the range of 30° ^ 8 2 ^ 45°. 
These are conditions which were obtained by experi- 
ments. 

Moreover, as shown in Fig. 4, one or more, two 
in the shown embodiment, step faces 30, 32 may be 
formed by cutting or grinding in the portion adjacent 
to the inner circumferential edge of the inner portion 
24 in the end face 20 of tubular member 12. The area 
of these step faces 30, 32 is determined as consider- 
ably smaller than the other portion of the inner portion 
24. Also, these step faces 30, 32 are perpendicular to 
the center axis of tu bular member 1 2. When such step 
faces 30, 32 are formed, the amount of projection of 
the bead also becomes very small. 

Next described are results of experiments actual- 
ly performed under the above conditions. First, poly- 
phenylene sulfide pipes ( 25A manufactured by Kur- 
eha Kagaku Kogyo: wall thickness 2.4 mm) were used 
as a pair of tubular members to be welded. End faces 
of the pipes were processed in the shape shown in 
Fig. 2. This time, the end faces were processed so 
that the above U became 1.2 mm, D 0.3 mm, and 81 
75°. Using the non-contact-type welding apparatus 
having the heater composed of the brass heating 
plate and rod heater, welding was carried out under 
such conditions that the surface temperature of the 
heating plate was 470 °C, the distance from the end 
face of each pipe to the opposed heating plate 1 mm, 
the h ating tim 30 seconds, the press c ntact time 
120 seconds, and the press contact pressure 600 
kPa. As a result a b ad f rmed on the inner surface 
of the w Id d pip s was pr j cted 0.5 mm from th 
inn r circumf re nee, having substantially a unif rm 
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shape in the circumf rential direction. Also, th weld 
strength obtained according to JIS K6776 was 60 
MPa. 

Further, another xp riment was carried out un- 
der the same conditions exc pt that end faces of p ly- 
phenylene sulfide pipes, which were the same as the 
above, were processed in the shape shown in Fig. 3. 
This time, ^ was 1 .2 mm, D 0.3_mm, 9i 75°, t 2 0.6 mm, 
and 9 2 45°. In this case,, n o bead^pro jecting fro m the 
inner circumferential surface ofpipe was76und tr and 
the weld strength was 59 MPa. 

^Further, as a comparative example, end faces of 
polyphenytene sulfide pipes same as the above were 
processed in the shape shown in Fig. 5 so as to obtain 
a conventional V-shape groove, and the same experi- 15 
ment was conducted therewith. In this case, the angle 
0 3 was 30°, and t 3 1 mm. In this experiment, the weld 
strength was 62 MPa which was satisfactory, but the 
amount of projecti on of a bead on the inn erlsurfac e 
of pipe was great, 1.0 mmV ^ * ~* 20 

The above embodiments were illustrated to use 
the welding apparatus 10 as shown in Fig. 1, but the 
welding apparatus is not limited to the illustrated ap- 
paratus insofar as it can be applied to the non-con- 
tact-type welding method. For example, the heater 25 
comprising the heating plate as a heating method can 
be replaced by a heater of the infrared heating type. 
Also, the present invention can apply to the contact- 
type welding method. 

As described above, if tubular members are 30 
welded according to the welding method of the pres- 
ent invention, weld strength durable for practical use 
can be attained and a bead is rarely formed on the in- 
ner circumferential surface of welded tubular mem- 
bers or if any, the size is very small. Accordingly, the 35 
present invention can solve or relieve the problems of 
pressure loss of fluid due to the bead and collection 
of microorganisms etc. 

From the invention thus described, it will be ob- 
vious that the invention may be varied in many ways. 40 
Such variations are not to be regarded as a departure 
from the scope of the invention, and all such modifi- 
cations as would be obvious to one skilled in the art 
are intended to be included within the scope of the fol- 
lowing claims. 45 



Claims 



cent raxisofth corresponding tubular member, 
and a substantially flat, annular, outer portion ar- 
ranged coaxially outsid said inn r portion, said 
outer portion being located at a position outsid 
said inner portion along said center axis and be- 
ing normal to said center axis. 

2. A welding method according to Claim 1 , wherein 
the condition of 0. 1 T ^ ^ 0.8T is satisfied where 
T is a wall thickness of an end portion of each of 
said tubular members adjacent to said end face 
and ti a distance along the radial direction be- 
tween an inner circumferential edge of said outer 
portion and an inner circumferential surface of 
said end portion, 

wherein the condition of 0.1 mm ^ D ^ 1 .5 
mm is satisfied where D is a distance along the 
center axis between said outer portion and said 
inner portion, and 

wherein the condition of 45° 90° is 
satisfied where is an angle between a gener- 
atrix of an annular boundary surface formed be- 
tween the inner circumferential edge of said outer 
portion and an outer circumferential edge of said 
inner portion, and a face formed by said outer 
portion. 

3. A welding method according to Claim 2, wherein 
the distance U between the inner circumferential 
edge of said outer portion and the inner circum- 
ferential surface of said end portion satisfies the 
condition of 0.15T ^ ^ ^ 0.7T. 

4. A welding method according to Claim 2, wherein 
the distance between the inner circumferential 
edge of said outer portion and the inner circum- 
ferential surface of said end portion satisfies the 
condition of 0.2T 0.6T. 

5. A welding method according to any one of Claims 
2 to 4, wherein the distance D between said outer 
portion and said inner portion satisfies the con- 
dition of 0.2 mm ^ D ^ 1 .25 mm. 

6. A welding method according to Claim 5, wherein 
the distance D between said outer portion and 
said inner portion satisfies the condition of 0.3 
mm^D^ 1.0 mm. 



1. A welding method for tubular members in which so 
end faces to be welded, of a pair of tubular mem- 
bers made of a thermoplastic resin are melted by 
heat of a heater and the end faces are urged 
against each oth r to be w Ided, comprising: 

a step of, prior to melting said nd faces of 55 
said tubular memb rs, processing ach f the 
end faces into a shap comprising a substantially 
flat, annular, inn r p rtton which is normal to a 



7. A welding method according to anyone of Claims 
2 to 6, wherein the angle 9 t between said gener- 
atrix of the boundary surface and the face formed 
by said outer portion satisfies the condition of 45° 
S 8, S 85°. 

8. Aweldingmeth d according to any ne of the pre- 
ceding claims comprising a step of chamfering an 
inner circumferential edg part of said inn r por- 
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tion in a taper shape. 

9. A welding method according to Claim 8, wherein 
the condition of 1 0° ^ 9 2 ^ 75° is satisfied wh re 

9 2 is an angle between a face of the taper shape 5 
formed in said chamfering step, and a face 
formed by said inner portion, and 

wherein the condition of 0.05t t ^ t 2 ^ 0.5t t 
is satisfied where t t is a distance along the radial 
direction between an inner circumferential sur- 10 
face of an end portion of each of said tubular 
members adjacent to said end face, and an inner 
circumferential edge of said outer portion, and t 2 
a distance along the radial direction between an 
outer circumferential edge of the face of said ta- 1$ 
per shape and the inner circumferential surface 
of said end portion. 

10. A welding method according to Claim 9, wherein 

the angle G 2 between the face of said taper shape 20 
and the face formed by said inner portion satis- 
fies the condition of 20° £0 2 ^ 60°. 

11. A welding method according to Claim 9, wherein 

the angle 8 2 between the face of said taper shape 25 
and the face formed by said inner portion satis- 
fies the condition of 30° £ 9 2 s 45°. 

12. A welding method according to Claim 9, wherein 

the distance t 2 between the outer circumferential 30 
edge of the face of said taper shape and the inner 
circumferential surface of said end portion satis- 
fies the condition of O.ltj ^ t 2 ^ 0.4^ . 

13. A welding method according to any one of the pre- 35 
ceding claims comprising a step of forming at 
least one step face in a portion adjacent to an in- 
ner circumferential edge of said inner portion. 

40 
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